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METHOD 1312 

SYNTHETIC PRECIPITATION lEACHING PROCEDURE 

1.0 SCOPE AND APPLICATION 

1.1 Method 1312 is designed to determine·the mobility of both organic 
and inorganic analytes present in samples of soils, wastes, and wastewaters. 

1.2 If a total analysis of the soil, waste, or wastewater demonstrates 
that individual analytes are not present, or that they are present but at such 
low concentrations that the appropriate regulatory levels could not possibly be 
exceeded, Method 1312 need not be run. 

1.3 If an analysis of any one of the liquid fractions of the 1312 
extract indicates that a regulated compound is present at such big~ 
concentrations that, even after accounting for dilution from the other fractions 
of the extract, the concentration would be above the regulatory level for that 
compound, then the waste is hazardous and it is not necessary to analyze the 
remaining fractions of the extract. 

1.4 · If an analysis of extract obtained using a bottle extractor shows 
that the concentration of any regulated volatile analyte exceeds the regulatory 
1 evel for that compound, then the waste is hazardous and extraction using the ZHE 
is not ·necessary. However, extract from a bottle extractor cannot be used to 
demonstrate that the concentration of volatile compounds is below the regulatory 
level. · 

2.0 SUMMARY OF METHOD 

2.1 For liquid samples (i.e., those containing less than 0.5 percent 
dry solid material), the sample, after filtration through a 0.6 to 0.8 pm glass 
fiber filter, is defined as the 1312 extract. 

2.2 For samples containing greater than 0.5 percent solids, the liquid 
phase, if any, is separated from the solid phase and stored for later analysis; 
the particle size of the solid phase is reduced, if necessary. The solid phase 
is extracted with an amount of extraction fluid equa-l to-20 times the weight of 
the solid phase. The extraction fluid employed is a function of the region of 
the country where the sample site is located if the sample is a soil. If the 
sample is a waste or wastewater, the extraction fluid employed is a pH 4.2 
solution. A special extractor vessel is used when testing for volatile analytes 
(see Table 1 for a list of volatile compounds). Following extraction, the liquid 
extract is separated from the sample by 0.6 to 0.8 pm glass fiber filter. 

2.3 If compatible {i.e., multiple phases will not form on combination), 
the initial liquid phas~ of the waste is added to the liquid extract, and these 
are analy:?;ed together. If incompatible, the liquids are analyzed separately and 
the results are mathematically combined to yield· a volume-weighted .average 
concentration. 
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3.0 INTERFERENCES 

3.1 Potentia 1 interferences that may be encountered during analysis are 
~iscussed in the individual analytical methods. · t 

4. 0 APPP.RATUS AND MATERIALS 

4.1 Agitation apparatus: The agitation apparatus must be capable of 
rotating the extraction vessel in an end-over-end fashion (see Figure 1) at 30 
± 2 rpm. Suitable aevices known to EPA are identified in Table 2. 

,• 

4.2 Extraction Vessels 

4.2.1 Zero Headspace Extraction Vessel (ZHE). This device h for 
use only when the sample is being tested for the mobility of volatile 
analytes {~, those listed in Table 1). The ZHE (depicted in Figure 2) 
allows for 1 iquid/solid separation within the device and effectively 
precludes heads pace. This type of vessel allows for initial 1 iquid/sol i'd 
separation, extraction, and final extract filtration without opening the 
vessel (see Step 4.3.1}. These vessels shall have an internal volume of 
500-600 ml and be equipped to accommodate a 90-110 mm filter. The devices 
contain VITON•1 0-rings which should be replaced frequently. Suitable ZHE 
devices known to EPA are identified in Table 3. 

For the ZHE to be acceptable for use, the piston within the ZHE 
should be able to be moved with approximately 15 psi or less. If it takes 
more pressure to move the piston, the 0-rings in the device should be 
replaced. If this does not solve the problem, the ZHE is unacceptable for 
1312 analyses and the manufacturer should be· contacted. 

The ZHE should be checked for leaks after every extraction. If the 
device contains a built-in pressure gauge, pressurize ·the device to 50 
psi, allow it to stand unattended for 1 hour, and recheck the pressure. 
If the device does not have a built-in pressure gauge, pressurize the 
device to 50 psi, submerge it in water, and check for the presence of air 
bubbles escaping from any of the fittings. If.pressure is lost, check all 
fittings and inspect and replace 0-rings, if necessary. ReJest the 
device. If leakage· proble!lls cannot be solved, the manufacturer should be. 
contacted. · 

Some ZHEs use gas pressure to actuate the ZHE piston, while others 
use mechanical pressure {see Table 3}. Whereas the volatiles procedure 
(see Step 7. 3) refers to pounds-per-square-inch {psi), for the 
mechanically actuated piston, the pressure applied is measured in torque
inch-pounds. Refer to the manufacturer's instructions as to the proper 
conversion. · 

4.2.2 Bottle Extraction Vessel. When the sample is being 
evaluated using the nonvolatile extraction, a jar with sufficient capacity 
to hold the sample and the extraction fluid is needed. Headspace .is. 
allowed in this vessel. 

. 
1VrTONe is a trademark of Du Pont. 
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• The extraction bottles may be constructed from various materials, 
depending on the analytes to be analyzed and the nature of the waste (see 
Step 4.3.3). It is recommended that borosilicate glass bottles be used 
instead of other types of glass, especially when in·organics are of 
concern. Plastic bottles. other than polytetrafluoroethylene, shall not 
be used if organics are to be investigated. Bottles are available from a 
number of laboratory suppliers. When this type of extraction vessel is 
used, the filtration device discussed in Step 4.3.2 is used for initial 
liquid/solid separation and final extract filtration. 

4.3 Filtration Devices: It is reconunended that all filtrations be 
performed in a hood. 

4.3.1 Zero-Headspace Extraction Vessel (ZHE}: When the sample 
is evaluated for volatiles,. the zero-headspace extraction vessel described 
in Step 4.2.1 is used for filtration. The device shall be capable of 
supporting and keeping in place the glass fiber filter and be able to 
withstand the pressure needed to accomplish separation (50 psi). 

NOTE: When it is suspected that the glass fiber filter has been ruptured, an 
in-line glass fiber filter may be used to filter the material within the 
ZHE. 

. . . 
4.3.2 Filter Holder: When the sample is evaluated for other than 

volatile analytes, a filter holder capable of supporting a glass fiber 
filter and able to withstand the pressure needed to accomplish separation 
may be used. Suitable filter holders range from simple vacuum units to 
relatively complex systems capable of exerting pressures of up to 50 psi 
or more. The type of filter holder used depends on the properties of the 
material to be filtered (see Step 4.3.3). These devices shall have a 
minimum internal volume of 300 mL and be equipped to accommodate a minimum 
filter size of 47 rnm (filter holders having an internal capacity of 1.5 L 
or greater, and equipped to acconunodate a 142 mm diameter filter, are 
recommended). Vacuum filtration can only be used for wastes with low 
solids content (<10 percent} and for highly granular, liquid-containing 
wastes. All other types of wastes should be filtered using positive 
pressure filtration. Suitable filter holders known to EPA are shown in 
Table 4. 

4.3.3 Materials of Construction: Extraction vessels and 
filtration devices shall be made of inert materials which will not leach 
or absorb sample component"s. Glass, polytetrafluoroethylene (PTFE), or 
type 316 stainless steel equipment may be used when evaluating the 
mobility of both organic and inorganic components. Devices made of high
density polyethylene (HOPE}, polypropylene (PP), or polyvinyl chloride 
(PVC) may be. used only when evaluating the mobility of metals. 
Borosilicate glass bottles are recommended for use over other types of 
glass bottles, especially when inorganics are analytes of concern •. 

4.4 Filters: Filters shall be made of borosilicate glass fiber, shall 
contain no binder ~aterials, and shall have an effective pore size of 0.6 to 
0.8-~m or equivalent. Filters known to EPA which meet these specifications are 
identified in Table 5. Pre-filters must not be used. When evaluating the 
mobility of metals, filters shall be acid-washed prior to use by rinsing with IN 
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.. · 7.2.5 Weigh out a subsample of the sample {100 gram minimum) and 
•record the weight. If the waste contains <0.5 percent dry solids (Step 
7.1.2}, the liquid portion of the waste, after filtration, is defined as 
the 1312 extract. Therefore, enough of the sample should be filtered so 
that the amount of filtered liquid will support all of the analyses 
required of the 1312 extract. For wastes containing >0.5 percent dry 
solids (Steps 7.1.1 or 7.1.2}, use the percent solids information obtained 
in Step 7.1.1 to determine the optimum sample size (100 gram minimum) for 
filtration. Enough solids ~hould be generated by filtration to support 
the analyses to be performe~ on the 1312 extract. 

7.2.6 Allow slurries .to stand to permit the solid phase to settle. 
Samples that settle slowly may be centrifuged prior to fil~ration. Use 
centrifugation only as an aid to filtration. If the sample is 
centrifuged, the liquid should be decanted and filtered followed by 
filtration of the solid portion of the waste through the same filtration 
system. · 

7.2.7 Quantitatively transfer the sample {liquid and solid phases) 
to the filter holder (see Step 4.3.2). Spread the waste sample evenly 
over the surface of the filter. ·If filtration of the waste at 4•C reduces 
the amount of expressed liquid over what would be expressed at room 
temperature, then allow the sample to warm up to room temperature in the 
device before filtering. 

NOTE: If waste material {>1 percent of the original sample weight) has obviously 
adhered to the container used to transfer the sample to the filtration 
apparatus, determine the weight of this residue and subtract it from the 
sample weight determined in Step 7.2.5,· to determine the weight of the 
waste sample that will be filtered. 

Gradually apply vacuum or gentle pressure of 1-10 psi, until air 
or pressurizing gas moves through the filter. If this point if not 
reached under 10 psi, and if no additional liquid has passed through the 
filter in any 2-minute interval, slowly increase the pressure in 10-psi 
increments to maximum of 50 psi. After each incremental increase of 10 
psi, if the pressurizing gas has not moved through the filter, and if no 
additional liquid has passed through the filter in any 2-minute interval, 
proceed to the next 10-psi increment. When the pressurizing gas begins to 
move through the fi-lter, or when the liquid flow has ceased at 50 psi 
(i.e., filtration does not result in any additional filtrate within a 
2-minute period}, stop the filtration. 

NOTE: Instantaneous application of high pressure can degrade the glass fiber 
filter and may cause premature plugging. 

7.2.8 The material in the filter holder is defined as the solid 
phase of the sample, and the filtrate is defined as the liquid phase. 
Weigh the filtrate. The liquid phase may now be either analyzed (see 
Steps 7.2.12) or stored at 4•C until time of analysis. 

1312 - 11 Revision 0 
November 1990 .... 



. 
NOTE: $orne wastes, such as oily wastes and some paint wastes, will obviously 

contain some material which appears to be a liquid. Even after applying ., 
vacuum or pressure filtration, as outlined in Step 7.2.7, this material 
may not filter. If this is the case, the material within the filtration 
device is defined as a solid, and is carried through the extraction as a 
solid. Do not replace the original filter with a fresh filter under any 
circumstances.· Use only one filter. 

7.2.9 If the sample contains <0.5~ dry solids {see Step 7.1.2), 
proceed to Step 7.2.13. If the sample contains >0.5 percent dry solids 
(see Step 7.1.1 or 7.1.2), and if particle-size reduction of the solid was 
needed in Step 7.1.3, proceed to Step 7.2.10. If the sample as received 
passes a 9.5 mm sieve, quantitatively transfer the solid material into the 
extractor bottle along with the filter used to separate the initial liquid 
from the solid phase, and proceed to Step 7.2.11. 

7.2.10 Prepare the solid portion of the sample for extraction by 
crushing, cutting, or grinding the waste to a surface area or particle
size as described in Step 7.1.3. When the surface area or particle-size 
has been appropriately altered, quantitatively transfer the solid material 
into an extractor bottle. Include the filter used to separate the initial 
liquid from the solid phase. 

NOTE: Sieving of the waste is not normally required. Surface area requirements 
are meant for filamentous (~, paper, cloth) and similar waste 
materials. Actual measurement of surface area is not recommended. If 
sieving is necessary, a Teflon-coated sieve should be used to avoid J 
contamination of the sample. 

7. 2.11 Determine the amount of extraction fluid to add to the 
extractor vessel as follows: 

Weight of • 
extraction fluid 

20 x% solids (Step 7.1.1) x weight of waste 
filtered (Step 7.2.5 or 7.2.7) 

100 

Slowly add this amount of appropriate extraction fluid (see Step 
7.1.4} to the extractor vessel. Close the extractor bottle tightly (it is 
recommended that Teflon tape be used to ensure a tight seal), secure in 
rotary extractor device, and rotate at 30 ± 2 rpm for 18 ± 2 hours. 
Ambient temperature (i.e., temperature of room in which extraction takes 
place) shall be maintained at 23 ± 2·c during the extraction period. 

NOTE: As agitation continues, pressure may build up within the extractor bottle 
for some types of sample (~, 1 imed or calcium carbonate-containing 
sample may evolve gases such as carbon dioxide). To relieve excess 
pressure, the extractor bottle may be periodically opened (~, after 15 
minutes, 30 minutes, and 1 hour) and vented into a hood. 

7 .2.12 Following the 18 ± 2 hour extraction, separate· the material 
in the extractor vessel into its component 1 iquid and solid phases by 
filtering through a new glass fiber filter, as outlined in Step 7.2.7. 
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For final filtration of the 1312 extract, the glass fiber filter may be 
changed, if necessary, to facilitate filtration. Filter(s) shall be 
acid-washed (see Step 4.4) if evaluating the mobility of metals. 

7.2.13 Prepare the 1312 extract as follows: 

7 .2.13.1 If the sample contained no initial 1 iquid phase, 
the filtered liquid material obtained from Step 7.2.12 is defined 
as the 1312 extract. Proceed to Step 7.2.14. 

7.2.13.2 If compatible {~, multiple phases will not 
result on combination), combine the filtered liquid resulting from 
Step 7.2.12 with the initial liquid phase of the sample obtained 
in· Step 7.2.7. This combined l"iquid is defined as the 1312 
extract. Proceed to Step 7.2.14. 

7.2.13.3 If the initial liquid phase of the waste, as 
obtained from Step 7.2.7, is not or may not be compatible with the 
filtered liquid resulting from Step 7.2.12, do not combine these 
liquids. Analyze these liquids, collectively defined as the 1312 
extract, and combine the results mathematically, as described in 
Step 7.2.14. 

7 .2.14 . ~ollolt!jng colle£_~j_o_~_9.{~t~e~d!.?~~-~-~r.~ct,_ .. the pJLof-.,..thet~ ~ 
:·e~.~I:~~t .. ,~hPE..l d be recorded •. 1Ql.!!!.~i:fjjJ~1Y aH qu_ot an~~ preserve the extrac~_,... 
·for an!)ysis·il M~.talt,..~.li9Y.P!s~must~be~~~J-c!ifJe...(LwJth .. ni.trJc .acid to. pH 4 
2. 'lf:{preci pi tat'fPii;::-is-::observed~'upon .. addition of· nitric. ac.i~_t_Q.. •. a,~s..!!l.~H .. : 
aliquot of the extract·;--·then· the remain.ingu-fiofflon·)'~of'·:·.the"""!extrict· .. \·fof· 
metals ~nalyses shall not b~·ltidifi~d·and the extract shall be analyzed 
as soon as possibJe. All other aliquots must be stored under 
refrigeration (4"C) until analyzed. The 1312 extract shall be prepared 
and analyzed according to appropriate analytical methods. 1312,extract~ ani@ 
to. be andyzed,Jor.. metaJ.~ sha 11 be acid digestesJ. _except in thiise~·fnstances ~ 
wtrer~~(J:i~~sflorr~ttftfsls~l~s·s·'"'of·riietalllc .. analyte~. If an analysis of the ... 
undigested extract shows that the concentration of any regulated metallic. 
analyte .. exceeds the regulatory level, then the waste is hazardous ancr· 
digestion of the extract :s not necessary~· .However, data on undigested 
extracts alone cannot be used to demonstrate that the waste is not 
hazardous. If the individual phases are to be analyzed separately, 
determine the volume of the ir.dividual phases (to± 0.5 percent), conduct 
the appropriate analyses, and combine the results mathematically by using 
a simple volume-weighted average: 

Final Analyte Concentration • 

where: 

V1 • The volume of the first phase (l). 
C1 .. The concentration of the analyte of concern in the first phase (mg/L). 
V2 • The volume of the second phase {l). 
C2 • The concentration of the analyte of concern in the second phase 

(mg/l). 
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7.2.15 Compare the analyte concentrations in the 1312 extract with 
the levels identified in the appropriate regulations. Refer to Section 
8.0 for quality assurance requirements. 

7.3 Procedure when Volatiles are Involved 

Use the ZHE device to obtain 1312 extract for analysis of volatile 
compounds only. Extract resulting from the use of the ZHE shall not be used to 
evaluate the mobility of non-volatile analytes (!L..9..:., metals, pesticides, etc.). 

The ZHE device has approximately a 500 ml internal capacity. The ZHE can 
thus accommodate a maximum of 25 grams of solid (defined as that fraction of a 
sample from which no additional liquid may be forced out by an applied pressure 
of 50 psi}, due to the need to add an amount of extraction fluid equal to 20 
times the weight of the solid phase •. 

Charge the ZHE with sample only once and do not open the device until the 
final extract (of the solid) has been collected. Repeated filling of the ZHE to 
obtain 25 grams of solid is not permitted. 

Do not allow the sample, the initial liquid phase, or the extract to be 
exposed to the atmosphere for any more time than is absolutely necessary. Any 
manipulation of these materials should be done when cold (4•C) to minimize loss 
of volatiles. 

7 .3.1 Pre-weigh the (evacuated) filtrate collection container 
{see Step 4.6) and set aside. If using a TEDLAR• bag, express all ·liquid 
from the ZHE device into the bag, whether for the initial or final 
liquid/solid separation, and take an aliquot from the liquid in the bag 
for analysis. The containers listed in Step 4.6 are recommended for use 
under the conditions stated in Steps 4.6.1-4.6.3. 

7.3.2 Place the ZHE piston within the body of the ZHE (it may be 
helpful first to moisten the piston 0-rings slightly with extraction 
fluid). Adjust the piston within the ZHE body to a height that will 
minimize the distance the piston will have to move once the ZHE is charged 
with sample {based upon sample size requirements determined from Step 7.3, 
Step 7.1.1 and/or 7.1.2}. Secure the gas inletjoutlet flange {bottom 
flange) onto the ZHE body in accordance with the manufacturer's 

·;nstructtons. Secure the glass fiber filter between the support screens 
and set aside. Set liquid inlet/outlet flange (top flange) aside. 

7.3.3 If the sample is 100% solid (see Step 7.1.1), weigh out 
a subsample (25 gram maximum} of the waste, record weight, and proceed to 
Step 7.3.5. 

7.3.4 If the sample contains <0.5% dry solids {Step 7.1.2), the 
liquid portion of waste, after filtration, is defined as the 1312 extract. 
Filter enough of the sample so that the amount of filtered liquid will 
support all of the volatile analyses required. For samples containing 
~0.5% dry solids (Steps 7.1.1 and/or 7.1.2), use the percent solids 
information obtained in Step 7.1.1 to determine the optimum sample size to 
charge into the ZHE. The recommended sample size is as follows: 
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7.3.4.1 For samples containing <5% solids (see Step 
7 .1.1), weigh out a 500 gram subs amp 1 e of waste and record the 
weight. 

7.3.4.2 For wastes containing >51. solids (see Step 
7.1.1), determine the amount of waste to charge into the ZHE as 
follows: 

25 
Weight of waste to charge ZHE • X 100 

NOTE: 

percent solids (Step 7.1.1} 

Weigh out a subsample of the waste of the appropriate size and 
record the weight. 

7.3.5 If particle-size reduction of the solid portion of the 
sample was required in Step 7.1.3, proceed to Step 7.3.6. If particle
size reduction was not required in Step 7.1.3, proceed to Step 7.3.7. 

7 .3.6 Prepare the sample for extraction by crushing, cutting, or 
grinding the solid portion of the waste to a surface area or particle size 
as described in Step 7.1.3.1. Wastes and appropriate reduction equipment 
should be refrigerated, if possible, to 4·c prior to particle-size 
reduction. The means used to effect particle-size reduction must not 
generate heat in and of itself. If reduction of the solid phase of the 
waste is necessary, exposure of the waste to the atmosphere should be 
avoided to the extent possible. 

Sieving of the waste is not reconvnended due to the possibility that 
volatiles may be lost. The use of an appropriately graduated ruler is 
recommended as an acceptable alternative. Surface area requirements are 
meant for filamentous (~, paper, cloth) and similar waste materials. 
Actual measurement of surface area is not recommended. 

When the surface area or particle-size has been appropriately 
altered, proceed to Step 7.3.7. 

7.3.7 Waste slurries need not be allowed to stand to permit the 
solid phase to settle. Do not centrifuge samples prior to filtration. 

7.3 .8 Quantitatively transfer the entire sample (1 iquid and solid 
phases) quickly to the ZHE. Secure the filter and support screens into 
the top flange of the device and secure the top flange to the ZHE body in 
accordance with the manufacturer's instructions. Tighten all ZHE fittings 
and place the devic~ in the vertical position (gas inlet/outlet flange on 
the bottom). Do not attach the extraction collection device to the top 
pla~e. 

Note: If sample material {>1% of original sample weight} has obviously adhered 
to the container used to transfer the sample to the ZHE, determine the 
weight of this residue and subtract it from the sample weight determined 
in Step 7.3.4 to determine the weight of the waste sample that will be 
filtered. 
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Attach a gas line to the gas inlet/outlet valve (bottom flange) 
and, with the liquid inlet/outlet valve (top flange) open, begin applying 
gentle pressure of 1-10 psi (or more if necessary) to force all headspace 
slowly out of the ZHE device into a hood. At the first appearance of 
liquid from the liquid inlet/outlet valve, quickly close the valve and 
discontinue. pressure. If filtration of the waste at 4•c reduces the 
amount of expressed liquid over what would be expressed at room 
temperature, then allow the sample to warm up to room temperature in the 
device before filtering. If the waste is 100 percent solid (see Step 
7.1.1), slowly increase the pressure to a maximum of 50 psi to force most 
of the headspace out of the device and proceed to Step 7.3.12. 

7.3.9 Attach the evacuated pre-weighed filtrate collection 
container to the liquid inlet/outlet valve and open the valve. Begin 
applying gentle pressure of 1-10 psi to force the ·liquid phase of the 
sample into the filtrate collection container. If no additional liquid 
has passed through the filter in any 2-minute interval, slowly increase 
the pressure in lO~psi increments to a maximum of 50 psi. After each 
incremental increase of 10 psi, if no additional liquid has-passed through 
the filter in· any 2-minute interval, proceed to the next 10-psi increment. 
When liquid flow has ceased such that continued pressure filtration at 50 
psi does not result in any additional filtrate within a 2-minute period, 
stop the filtration. Close the liquid inlet/outlet valve, discontinue 
pressure to the piston, and disconnect and weigh the filtrate collection 
container. 

NOTE: Instantaneous application of high pressure can degrade the glass fiber 
filter and may cause premature plugging. 

7.3.10 The material in the ZHE is defined as the solid phase of 
the sample and the filtrate is defined as the liquid phase. 

NOTE: Some samples, such as oily wastes and some paint wastes, will obviously 
contain some material which appears to be a liquid. Even after applying 
pressure filtration, this material will not filter. If this is the case, 
the material within the filtration device is defined as a solid, and is 
carried through the 1312 extraction as a solid~ 

. If the original waste contained <0.5 percent dry solids (see Step 
7.1.2}, this filtrate is defined as the 1312 extract and is analyzed 
directly. Proceed to Step 7.3.15. 

7.3.11 The liquid phase may now be either analyzed immediately 
(see Steps 7.3.13 through 7.3.15) or stored at 4•C under minimal headspace 
conditions until time of analysis. Determine the weight of extraction 
fluid #3 to add to the ZHE as follows: 

Weight of extraction fluid = 

20 x% solids (Step 7.1.1) x weight 
of waste filtered (Step 7.3.4 or 7.3.8) 

100 
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• 7 .3.12 The following steps detail how to add the appropriate 

amount of extraction fluid to the solid material within the ZHE and 
agitation of the ZHE vessel. Extraction fluid #3 is used in all cases 
(see Step 5.7}. 

7.3.12.1 With the ZHE in the vertical position, attach a 
line from the extraction fluid reservoir to the liquid inlet/outlet 
valve. The line used shall contain fresh extraction fluid and 
should be preflushed with fluid to eliminate any air pockets in the 
line. Release gas pressure on the ZHE piston (from the gas 
inlet/outlet valve), open the liquid inlet/outlet valve, and begin 
transferring extraction fluid (by pumping or similar means) into 
the ZHE. Continue pumping extraction fluid into the ZHE until the 
appropriate amount of fluid has been introduced into the device. 

7 .3.12.2 After the extraction fluid has been added, 
immediately close the liquid inlet/outlet valve and disconnect the 
extraction fluid line. Check the ZHE to ensure that all valves are 
in their closed positions. Manually rotate the device in an 
end-over-end fashion 2 or 3 times. Rep·osition the ZHE in the 
vertical position with the 1 iquid inletjoutl et valve on top. 
Pressurize the ZHE to 5-10 psi (if necessary). and slowly open the 
liquid inlet/outlet valve to bleed out any headspace (into a hood) 
that may have been introduced due to the addition of extraction 
fluid. This bleeding shall be done quickly and shall be stopped 
at the first appearance of liquid from the valve. Re-pressurize 
the ZHE with 5-10 psi and check all ZHE fittings to ensure that 
they are closed. 

7.3.12.3 Place the ZHE in the rotary extractor apparatus 
(if it is not already there) and rotate at 30 ± 2 rpm for 18 ± 2 
hours. Ambient temperature (i.e., temperature of room in which 
extraction occurs) shall be maintained at 23 ± 2·c during 
agitation. 

7.3.13 Following the 18 ·± 2 hour agitation period, check the 
pressure behind the ZHE piston by quickly opening and closing ~he gas 
inlet/outlet valve and noting the escape of gas. If the pressure has not 
been maintained {i.e., no ga~ release observed), the ZHE is leaking. 
Check the ZHE for leaking as specified in Step 4.2.1, and perform the 
extraction again with a new sample of waste. If the pressure within the 
device has been maintained, the material in the extractor vessel is once 
again separated into its component liquid and solid phases. If the waste 
contained an initial liquid phase, the liquid may be filtered directly 
·into the same filtrate collection container (i.e., TEDLAR• bag) holding the 
initial liquid phase of the waste. A separate filtrate collection 
container must be used if combining would create multiple phases, or there 
is not enough volume left within the filtrate collection container. 
Filter through the glass fiber filter, using the ZHE device as discussed 
in Step 7.3.9. All extracts shall be filtered and collected if the TEDLAR• 
bag is used, if the extract is multiphasic, or if the waste contained an 
initial liquid phase {see Steps 4.6 and 7.3.1). 
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• NOTE:.An in-line glass fiber filter may be used to filter the material within 
the ZHE if it is suspected that the glass fiber filter has been ruptured 

7.3.14 If the original sample contained no initial liquid phase, 
the filtered liquid material obtained from Step 7.3.13 is defined as the 
1312 extract. If the sample contained an initial liquid phase, the 
filtered liquid material obtained from Step 7.3.13 and the initial liquid 
phase (Step 7.3.9) are collectively defined as the 1312 extract. 

7.3.15 Following collection of the 1312 extract, immediately 
prepare the extract for analysis and store with minimal headspace at 4•c 
until analyzed. Analyze the 1312 extract according to the appropriate 
analytical methods. If the individual phases are to be analyzed 
separately (i.e., are not miscible), determine the volume of the 
individual phases (to 0.5%), conduct the appropriate analyses, and combine 
the results mathematically by using a simple volume- weighted average: 

Final Analyte 
Concentration 

where: 

-
V1 + V2 

V1 • The volume of the first phases (L). 
C1 • The concentration of the ana lyte of concern in the first phase (mg/L). 
V2 • The volume of the second phase (L). 
C2 • The concentration of the analyte of concern in the second phase 

{mg/L). 

7.3.16 Compare the analyte concentrations in the 1312 extract with 
the levels identified in the appropriate regulations. Refer to Section 
8.0 for quality assurance requirements. 

8.0 QUALITY CONTROL 

8.1 A minimum of one bl anJc (using the same extraction fluid as used for 
the samples) for every 20 extractions that have been conducted in an extraction 
vessel. 

8.2 A matrix spike shall be performed for each waste type (~, 
wastewater treatment sludge, contaminated soil, etc.) unless the result exceeds 
the regulatory level and the data is being used solely to demonstrate that the 
waste property exceeds the regulatory level. A minimum of one matrix spike must 
be analyzed for each analytical batch. The bias determined from the matrix spike 
determination shall be used to correct the measured values. (See Steps 8~2.4 and 
8.2.5) As a minimum, follow the matrix spike addition guidance provided in each 
analytical method. 

8.2.1 Matrix spikes are to be added after filtration of the 1312 
e~tract and before preservation. Matrix spikes should not be added prior 
to 1312 extraction of the sample. 
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8.2.2 In most cases, matrix spike levels should be added at a 
concentration equivalent to the corresponding regulatory level. If the 
analyte concentration is less than one half the regulatory level, the 
spike concentration may be as low as one half of the analyte 
concentration, but may not be less than five times the method detection 
limit. In order to avoid differences in matrix effects, the matrix spikes 
must be added to the same·nominal volume of 1312 extract as that which was 
analyzed for the unspiked sample. 

8.2.3 The purpose of the . matrix spike is to monitor the 
performance of the analytical methods used, and to determine whether 
matrix interferences exist. Use of other internal calibration methods, 
modification of the analytical methods, or use of alternate analytical 
methods may be needed to accurately measure the analyte concentration in 
the 1312 extract when the recovery of the matrix spike is below the 
expected analytical method performance. 

8.2.4 Matrix· spike recoveries are calculated by the following 
formula: 

where: 

%R {% Recovery) • 100 (Xs - Xu} I K 

Xs • measured value for the spiked sample 
Xu ~ measured value for the unspiked sample, and 
K • known value of the spike in the sample. 

8.2.5 Measured values are corrected for analytical bias using the 
following formula: 

where: 
Xc • corrected value, and 
Xu • measured value of the unspiked sample. 

. 8.3 All quality control measures described in the appropriate analy~ical 
methods shall be followed. 

.. . !. "; 

8.4 Samples must undergo 1312 extraction within the following time 
periods: 
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SAMPLE MAXIMUM HOLDING TIMES (days) 

From: Field From: 1312 From: Prepara- Total 
Collec- extrac- tive Elapsed 
tion tion extrac- Time 

tion 
To: 1312 To: Prepara-. extrac- tive To: determi-

tion extrac- native 
tion analysis 

Volatiles 14 NA 14 28 

Semi-
volatiles 14 7 40 61 

Mercury 213 NA 28 56 

Metals, 
except 180 NA 180 360 
mercury 

NA - Not Applicable 

If sample holding times are exceeded, the values obtained will be considered 
minimal concentrations. Exceeding the holding time is not acceptable in 
establishing that a waste does not exceed the'regulatory level. Exceeding the 
holding time will not invalidate characterization if the waste exceeds _the 
regulatory level. 

9.0 METHOD PERFORMANCE 

9.1 Precision results for semi-volatiles and metals: An eastern soil 
with high organic content and a western soil with low organic content were used 
for the semi-volatile and metal leaching experiments~ Both types of soil were 
an.alyzed prior to contaminant spiking. The results are shown in Table 6. The 
concentrations of contaminants leached from the soils were consistently 
reproducible, as shown by the low relative standard deviations (RSDs) of the 
recoveries {generally less than 10% for most of the compounds). 

9.2 Precision results for volatiles: Four different soils were spiked 
and tested for the extraction of volatiles. Soils One and Two were from western 
and eastern Superfund sites. Soils Three and Four were mixtures of a western 
soil with low organic content and two different municipal sludges. The results 
are shown in Table 7. Extract concentrations of volatile organics from the 
eastern soil were 1 ower than from the western soil. Replicate 1 eachings of Soils 
Three and Four showed lower precision than the leachates from the Superfund 
soils. 
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Table 4. Suitable Filter Holders 1 

Model/ 
Company Location Catal ague # Size 

Nucleopore Corporation Pleasanton, CA 425910 142 mm 
(800) 882-7711 410400 47 mm 

Micro Filtration Dublin, CA 302400 142 mm 
Systems {800) 334-7132 311400 47 mm 

(415) 8?8-60~0 

Millipore Corporation Bedford, MA YT30142HW 142 mm 
(800) 225-3384 XX1004700 47 mm 

1 Any device capable of separating the liquid from the solid phase of the waste 
is suitable, providing that it is chemically compatible with the waste and the 
constituents to be analyzed. Plastic devices (not listed above) may be used when 
only inorganic analytes are of concern. The 142 nun size filter holder is 
recommended~ 

Table 5. Suitable Filter Media1 

Pore 
Size 

Company location Model (J.t.m) 

Millipore Corporation Bedford, MA. AP40 0.7 
(800) 225-3384 

Nucleopore Corporation Pleasanton, CA 211625 0.7 
{415) 463-2530 

Whatman laboratory Clifton, NJ GFF 0.7 
Products, Inc. (201) 773-5800 

Micro Filtration Dublin, CA GF75 0.7 
Systems {800) 334-7132 

(415) 828-6010 

1 Any filter that meets the specifications in Step 4.4 of the Method is suitable. 
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TABLE 6 - METHOD 1312 PRECISION RESULTS FOR SEMI-VOLATILES AND METALS 

Eastern Soil (QH 4,2) ~estern Soil (~H 5.0) 

Amount Amount Amount 
SQiked Recovered* % RSD Recovered* % RSD 
(J.Lg) {}Jg) {}Jg) 

FORTIFIED ANALYTES 

bis(2-chloroethyl)-
ether 1040 834 12.5 616 14.2 

2-Chloropheno1 1620 1010 6.8 525 54.9 
1,4-Dichlorobenzene 2000 344 12.3 272 34.6 
1,2-Dichlorobenzene 8920 1010 8.0 1520 28.4 
2-Methylphenol 3940 1860 7.7 1130 32.6 
Nitrobenzene 1010 812 10.0 457 21.3 
2,4-Dimeth&lpheno1 1460 200 18.4 18 87.6 
Hexach1oro utadiene 6300 95 12.9 280 22.8 
Acenaphthene 3640 210 8.1 310** 7.7 
2,4-Dinitropheno1 1300 896** 6.1 23** 15.7 
2,4-Dinitrotoluene 1900 1150 5.4 585 54.4 
Hexachlorobenzene 1840 3.7 12.0 10 173.2 
gamma BHC (Lindane) 7440 230 16.3 1240 55.2 
beta BHC 640 35 13.3 65.3 51.7 

METALS 

Lead 5000 70 4.3 10 51.7 
Cadmium 1000 387 2.3 91 71.3 

* - Triplicate analyses. 
** - Duplicate analyses; one value was rejected as an outlier at the 90% 

confidence level using the Dixon Q test. 
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TABLE 7 - METHOD 1312 PRECISION RESULTS FOR VOLATILES 

Soil No. 1 Soil No, 2 

(Western) (Eastern) 

Avg. Avg. 
Compound Name %Rec.* %RSD %Rec,* %RSD 

Acetone 44.0 12.4 43.8 2.25 
Acrylonitrile 52.5 68.4 50.5 70.0 
Benzene "47.8 8.29 34.8 16.3 
n-Butyl Alcohol 

(1-Butanol) 55.5 2.91 49.2 14.6 
Carbon disulfide 21.4 16.4 12.9 . 49.5 

Carbon tetrachloride 40.6 18.6 22.3 29.1 
Chlorobenzene 64.4 6.76 41.5 13.1 
Chloroform 61.3 8.04 54.8 16.4 
1,2-Dichloroethane 73.4 4.59 68.7 11.3 
1,1-Dichloroethane 31.4 14.5 22.9 39.3 

Ethyl acetate 76.4 9.65 75.4 4.02 
Ethy1benzene 56.2 9.22 23.2 11.5 
Ethb1 ether 48.0 16.4 55.1 9. 72 
Iso utanol (4-Methyl 

0.0 -l-lropano1) ND 0.0 ND 
Methy ene chloride 47.5 30.3 42.2 42". 9 

Methyl ethyl ketone 
56.7 (2-Butanone) 5.94 61.9 3.94 

Methyl isobutyl 
ketone 81.1 10.3 88.9 . 2. 99 

1,1,1,2-Tetrachloro-
ethane 69.0 6.73 41.1 11.3 

1,1,2,2-Tetrachloro-
ethane 85.3 7.04 58.9 ·4.15. 

Tetrachloroethene 45.1 12.7 15.2 17.4 

Toluene 59.2 8.06 49.3 10.5 
1,1,l,.-Trich1oro-

ethane 47.2 16.0 33.8 22.8 
1,1,2-Trichloro-

ethane 76.2 5.72 67.3 8.43 
Trichloroethene 54.5 11.1 39.4 19.5 
Trichloro-

f1uoromethane 20.7 24.5 12.6 60.1 
1,1,2-Trich1oro· 

6·. 95 trif1uoroethane 18.1 26.7 58.0 
Vinyl chloride 10.2 20.3 7.17 72.8 

* Triplicate analyses 
** Six replicate analyses 

*** Five replicate analyses 

) 
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Soil No, 3 Soil No. 4 
(Western and (Western and 
Sludge) Sludge) 

Avg. Avg. 
%Rec.** %RSD \Rec.*** %RSD 

116.0 11.5 21.3 71.4 
49.3 44.9 51.8 4.6 
49.8 36.7 33.4 41.1 

65.5 37.2 73.0 13.9 
36.5 51.5 21.3 31.5 

36.2 41.4 24.0 34.0 
44.2 32.0 33.0 24.9 
61.8 29.1 45.8 38.6 
58.3 33.3 41.2 37.8 
32.0 54.4 16.8 26.4 

23.0 119.8 11.0 115.5 
37.5 36.1 27.2 28.6 
37.3 31.2 42.0 17.6 

61.8 37.7 76.0 12.2 
52.0 37.4 37.3 16.6 

73.7 31.3 40.6 39.0 

58.3 32.6 39.8 40.3 

50.8 31.5 36.8 23.8 

64.0 25.7 53.6 15.8 
26.2 44.0 18.6 24.2 

45.7 35.2 31.4 37.2 

40.7 40.6 26.2 38.8 

61.7 28.0 46.4 25.4 
38.8 40.9 25.6 34.1 

28.5 34.0 19.8 33.9 

21.5 67.8 15.3 24.8 
25.0 61.0 11.8 25.4 
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METHOD 1312 

SYNTHETIC PRECIPITATION LEACHING PROCEDURE 
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METHOD 1312 

SYNTHETIC PRECIPITATION LEACHING PROCEDURE (continued) 
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